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ABSTRACT 
 
This paper reports an effort to investigate the effect of flow velocities and inlet 
configurations on horizontal oil-water flows in a 32 mm ID acrylic pipe using water and 
an aliphatic oil (Exxsol D140) as test fluids. The flows of interest were analysed using 
pressure drop measurements and high-speed photography in an effort to obtain a flow 
pattern map, pressure gradient profiles and measures of the in situ phase fractions. The 
experiments reveal a particular effect of the inlet configuration on the observed flow 
pattern. A horizontal plate, installed at the inlet, generates a transition to stratified flow 
when the plate height closely matched the in situ water height at high input oil fractions.  
 
 
1 INTRODUCTION 
 
The flow of oil and water in pipes is commonly encountered in a number of industrial 
processes. These systems are particularly relevant to the oil industry in which achieving 
fundamental understanding of the oil-water flow behaviour is central to oil production, 
transportation, and equipment design. Oil-water flows have been studied extensively by 
several researchers (see, for example, Russell et al. [1]; Charles et al. [2]; Arirachakaran 
et al. [3]; Trallero [4]; Angeli and Hewitt [5], and references therein) whose main 
purpose was to characterise the resulting flow patterns, pressure gradients, in situ phase 
fractions and interfacial phenomena over a wide range of flow conditions, fluid 
properties and pipe configurations. However, the behaviour of these flows is still not well 
understood due to the complex phenomena encountered in pipeline systems, which 
extend beyond those in gas-liquid flows where the densities and viscosities of the two 
fluids are highly separated. Additional parameters, such as interfacial forces, wetting 
characteristics, and phase inversion, represent important factors due to the effect on the 
flow pattern transitions, interface curvature and droplet formation. 
 
A number of complex geometrical configurations are encountered in oil-water flows for a 
given pipe material, inlet design, pipe inclination, fluid properties and flow velocities. 
The resulting flow patterns range from separated flows (e.g. stratified smooth, stratified 
wavy and stratified with droplets at the interface) to fully dispersed flows (e.g. dispersion 
of oil in water). For an intermediate range of velocities, dual continuous flows can be 
observed (Lovick and Angeli [6]). These types of flow patterns, identified by having two 
continuous phases with dispersions in one or both layers, are commonly encountered in a 
wide variety of configurations (e.g. three layer flow, dispersions of oil in water with an 
oil layer). In addition to the aforementioned flow patterns, intermittent and annular flows 
can be also observed in liquid-liquid systems; however, only a few researchers have 
reported observing these configurations, e.g., Charles et al. [2] and Oglesby [7] observed 
oil slugs in water for intermediate viscous systems in horizontal pipes and Lum et al. [8] 
and Kumara et al. [9] for slightly inclined upward flow. These previous studies have 
been carried out with different inlet configurations, e.g., ‘T’-junction, ‘Y’-junction and 
‘Y’-junction with a separation plate at the pipe centre. However, experimental data using 
an inlet separation plate at other position than the centre of the pipe have not been 
previously reported.    
 
The aim of this study is to propose a unified liquid-liquid flow pattern classification with 
the aim of eliminating an existing ambiguity in the flow pattern identification process and 
to provide new experimental data on liquid-liquid flows using a horizontal separation 
plate at the inlet section. A flow pattern map is constructed based on flow observations. 
Pressure gradient profiles are compared with predictive models, namely, the 
homogeneous model, and the two-fluid model based on a flat interface between the two 
phases. Moreover, the effect of the inlet configuration is analysed from the flow pattern 
map and the in situ phase fraction. 
 
 
2 UNIFIED LIQUID-LIQUID FLOW PATTERN CLASSIFICATION 
 
The classification of liquid-liquid flow patterns in pipes is inconsistent through different 
studies in the literature for a number of reasons, such as, the process of identification by 
researcher-defined criteria and the complex phenomena associated with liquid-liquid 
flows. Flow pattern identification is typically performed by visual observations utilising 
visualisation and measurement techniques, such as, high-speed imaging and planar laser-
induced fluorescence (Morgan et al. [10]). The continual improvement in the 
visualisation methods leads to the identification of more detailed flow patterns. 
Moreover, the complex hydrodynamic behaviour of liquid-liquid flows in pipes results in 
a range of flow pattern structures and transitions that are more challenging to define 
compared with gas-liquid systems in which the large density and viscosity ratios lead to a 
consistent flow pattern classification. 
 
The implementation of a unified liquid-liquid flow pattern classification would remove 
the existing ambiguity in predicting flow pattern behaviour in these flows. The following 
classification, based on existing flow pattern maps, is proposed here for co-current flow 
of two immiscible liquids in horizontal or slightly inclined pipes:     
 
 Stratified flow (ST): Both phases flow as separate layers with the heavier liquid at 
the bottom. This flow pattern can be sub-divided into stratified smooth (SS) and 
stratified wavy (SW). This sub-classification is of importance when studying the 
transitions from stratified to non-stratified flows (through an interfacial instability, 
for instance). 
 Stratified wavy with droplets at the interface (SWD): Droplets are encountered 
only at the interface of the two liquids.   
 Dispersion of oil-in-water with a water layer (DOW&W): Droplets of oil at the 
top of the pipe with a pure water layer below. 
 Dispersion of water-in-oil with an oil layer (DWO&O): Droplets of water at the 
bottom of the pipe with a pure oil later above. 
 Dual continuous (DC): Both liquids correspond to the continuous phase along the 
pipe. This flow pattern covers sub-categories such as three-layer flow, dispersion of 
oil and water with an oil layer and dispersion of water-in-oil with a water layer. 
However, further sub-classification complicates the flow pattern identification and 
comparison with different studies. 
 Dispersion of oil-in-water (DO/W): Oil droplets heterogeneously or 
homogeneously dispersed in the water phase.  
 Dispersion of water-in-oil (DW/O): Water droplets dispersed in the oil phase. 
 Intermittent flow (IT): Slugs of pure phase, or accumulation of droplets commonly 
encountered in upward inclined flow. 
 Annular flow (AN): Mainly encountered in high oil viscosity systems in which the 
water phase flows in an annulus around the pipe circumference and the oil phase 
flows in the core of the pipe (Joseph et al. [11]). 
 
 
(a) Stratified flow (ST) 
 
(b) Stratified wavy with 
droplets at interface (SWD) 
 
(c) DO/W&W 
 
(d) DW/O&O 
 
(e) Dual continuous (DC) 
 
(f) Dispersion of oil in water 
(DO/W) 
 
(g) Dispersion of water in oil (DW/O) 
 
(h) Intermittent flow (IT) 
 
(i) Annular flow (AN) 
Figure 1: Unified liquid-liquid flow patterns in horizontal and slightly inclined flows 
3 EXPERIMENTAL METHODS 
 
3.1 Flow facility 
The experimental investigations were performed in the Two-Phase Oil-Water 
Experimental Rig (TOWER) facility, shown in Figure 1, located at Imperial College 
London. Water and an aliphatic oil (Exxsol D140) were used as test fluids. The fluid 
properties are shown in Table 1. The experimental flow loop consisted of a horizontal 
32 mm internal diameter acrylic pipe, and is equipped with two storage tanks, a liquid-
liquid separator, a metering section and an auxiliary tank section. 
 
Referring to Figure 1, the two storage tanks (with a capacity of 680 L each) are used to 
store the oil and water phases, and are connected to two pumps with a capacity of 
160 L/min each. Two separate flowlines deliver the two phases to the corresponding 
metering sections. The oil and water volumetric flow rates are measured with NB liquid 
turbine flowmeters with an accuracy of ±0.5% full scale. Each flow-line is equipped with 
two flowmeters with a capacity of 2-20 L/min and 14-140 L/min. Downstream of the 
metering section, a T-junction is used to introduce the fluids into the test section. 
 
 
Figure 2: Schematic of the test flow loop 
 
 
Table 1: Physical properties of the test fluids 
 
Oil 
(Exxsol D140) 
Water 
Density (kg m-3) 825 998 
Viscosity at 25°C (mPa s) 5.4 0.9 
Interfacial tension (mN m-1) 40 
 
The main test section comprises a 32 mm ID acrylic horizontal pipe with a total length of 
8.5 m. The test section is divided into 5 sub-sections connected with acrylic flanges to 
ensure minimum distortion at the connection section. The visualisation section is located 
6.7 m from the inlet such that L/D = 209. The outlet of the test section is connected to an 
auxiliary tank for the purpose of providing a constant, near atmospheric outlet pressure 
(i.e. hydrostatic pressure) condition and of avoiding the effects of exit flow fluctuations 
on the flow upstream in the test section. The auxiliary tank is connected to a 1.5.in 
diaphragm pump driven by air with a capacity of 240 L/min. This low-shear pump 
prevents further mixing of the two phases prior to injection into the separator. 
 
3.2 Inlet section design 
The inlet section of the pipe, shown in Figure 3, consists of a circular block with an inner 
horizontal plate to prevent mixing prior to introduction into the test section and to ensure 
initially stratified flow. Water is injected at the bottom of the section while the oil is 
injected at the top in an opposed counterflow arrangement. The inlet section is equipped 
with a set of two mesh slots and one flow straightener in order to reduce turbulence, 
secondary flows and make the velocity profile more uniform as this flows into the main 
test section. For an input oil fraction ϕin between 0.5 and 0.9, the horizontal separation 
plate was located at the lower section of the channel at 10 mm from the bottom of the 
pipe. For the remaining set of investigated flow conditions, the inlet section was rotated 
180° in order to position the plate at the upper section of the channel. 
 
 
 
 
Figure 3: Inlet configuration used in the experimental investigations for ϕin ≥ 0.5 
(vertical section) 
 
3.3 Flow conditions and experimental procedure 
Experimental data were acquired for different input oil fractions ϕin, defined as the oil 
volumetric flow rate divided by the total volumetric flow rate ϕin = Qo / QT, where 
QT = Qo + Qw, and mixture velocities Um = QT / A with A the cross-sectional area of the 
pipe. The input oil fractions were varied from 0.1 to 0.9 and mixture velocities from 0.25 
to 1.25 m s-1, which corresponds to Reynolds number between 700 and 6,000 for the oil 
phase and 5,000 and 40,000 for the water phase. Two Rosemount 3051C pressure 
transducers with an accuracy of ±0.15% full span were used to measure differential 
pressure in two sections of the test pipe as shown in Figure 4. Two thermocouples 
measured the temperature of both fluids upstream the injection point. Temperature was 
kept in a range between 22°C and 26°C for all experiments. 
 
Oil inlet 
Water inlet 
Flow 
direction 
Flow 
straightener 
Mesh 
 
Figure 4: Differential pressure transducers schematic 
 
High-definition images were used for flow pattern identification and water height 
determination in stratified flow conditions. An Olympus iSpeed2 high-speed camera with 
a maximum resolution of 800600 pixels at 1000 fps was mounted at the visualisation 
section. Images were recorder at either 800 or 1000 fps depending on the flow velocity. 
Analogue signals from flowmeters and pressure transducers (i.e. standard 4-20mA 
current signals) were recorded by a data acquisition system based on a LabVIEW control 
panel that was designed to obtain and save the experimental data for later processing. 
 
 
4 RESULTS AND DISCUSSION 
 
4.1 Flow pattern classification and flow pattern map 
The experimental investigations have revealed six distinct flow patterns, as shown in 
Figure 5, over the range of investigated input oil fractions and mixture velocities. The 
flow patterns are categorised into ‘Separated Flows’, ‘Dual-Continuous flows’, and 
‘Dispersions’. In the ‘Separated Flow’ category, the following patterns were observed: 
stratified-smooth, stratified-wavy and stratified-wavy with drops at the interface. Dual- 
Continuous flows were characterised by droplets of one phase appearing in the bulk of 
the other phase. The droplet diameter decreases with decreasing radial distance from the 
pipe wall. Dispersion of oil–in-water with a water layer and fully dispersion flows were 
identified as having one continuous phase and a dispersion along the test pipe. 
 
A flow pattern map based on the experimentally acquired data is presented in Figure 6. 
Stratified flow was observed for low mixtures velocities for which stratified smooth 
occurred at only Um = 0.25 m s
-1. With increasing mixture velocity, stratified wavy and 
stratified with droplets at the interface were encountered for the entire range of input oil 
fractions. For Um ≥ 0.85 m s
-1, a transition to dual continuous occurred. Dispersion of oil 
in water with a water layer was only observed at low input oil fractions (i.e. ϕin = 0.1) 
with a transition to mixed flow (i.e. oil in water dispersion) above Um = 1.0 m s
-1. The 
flow pattern map reveals a flow pattern transition from dual continuous or stratified wavy 
with droplets to stratified wavy at ϕin = 0.8 and Um ≤ 1.0 m s
-1. This atypical behaviour 
can be attributed to the inlet configuration where the horizontal separation plate position 
closely matched the in situ water layer height. As a result, no mixing occurs along the 
test section and the two phases flow as separated layers. This phenomenon will be 
considered in Section 4.5.  
 
The observed flow patterns are in good agreement with those from previous studies 
(Trallero [4]; Soleimani [12]; Lovick and Angeli [6]). Intermittent and annular flows 
were not observed in this study. This is attributed to the input oil fractions and mixture 
velocities tested, pipe inclination and oil viscosity, which is not sufficiently large to 
sustain annular flow with an oil core.  
Inlet 
 
(a) Stratified smooth (SS) 
 
(b) Stratified wavy (SW) 
 
(c) Stratified wavy with droplets at 
interface (SWD) 
 
(d) Dispersion of oil in water with water layer 
(DO/W & W) 
 
(e) Dual continuous (DC) 
 
(f) Mixed flow (M) 
Figure 5: Observed oil-water flow patterns for a 32 mm ID horizontal acrylic pipe  
 
 
Figure 6: Oil-water flow pattern map for the 32 mm ID horizontal acrylic pipe 
 
4.2 Pressure gradient 
Figure 7 shows the pressure gradient across the visualisation section for different mixture 
velocities Um as a function of the input oil fraction ϕin. The pressure gradient increases 
with the mixture velocity for all input oil fractions. At low mixture velocities 
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(Um ≤ 1.0 m s
-1), the pressure gradient remains relatively unchanged as the inlet phase 
fraction is increased for a given Um, with a slight peak appearing at ϕin = 0.5. These 
conditions correspond to stratified flows and dual continuous with minimum mixing. For 
Um > 1.0 m s
-1, the pressure gradient decreases as more oil is injected into the system to 
reach a minimum at ϕin = 0.4. Then, the peak in the pressure gradient is enhanced with 
increasing mixture velocity. This phenomenon can be related to the phase inversion point 
at which a peak in the pressure gradient is observed. However, the location of the peak 
differs from previous studies where the phase inversion is usually encountered at input 
oil fractions between 0.6 and 0.7 (Arirachakaran et al. [3]; Soleimani [12]). 
 
The peak in the oil-water pressure gradient was lower than single-phase pressure 
gradients. This is attributed to the drag reduction in dispersed flows whereby coalescence 
and droplet breakup affect turbulence (Pal [13]; Lovick and Angeli [6]). The drag 
reduction in the current experimental data was enhanced with increasing mixture velocity 
where dual continuous and dispersed flows where observed. 
 
 
Figure 7: Pressure gradient variation with input oil fraction across the visualisation 
section in a 32 mm ID horizontal pipe 
 
Figure 8 and Figure 9 show the normalised pressure drop by their respective values at 
zero oil input fraction (ϕin = 0) at the same mixture velocity Um. For Um = 0.50, the 
normalised pressure drop increases from single-phase water to ϕin = 0.1 and then 
fluctuates between 0.9 and 1.1. For Um ≥ 0.75 m s
-1, the pressure drop slightly decreases 
to reach a first minimum at ϕin = 0.2 and a peak at ϕin = 0.5. The global minimum in the 
pressure drop for Um = 0.50 and 0.75 m s
-1, is encountered in the oil-dominated region 
(i.e. ϕin > 0.6). 
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 Figure 8: Normalised pressure drop against input oil fraction across the 
visualisation section for low mixture velocities (Um ≤ 1.0 m s
-1)  
 
The pressure drop dependence on the input oil fraction at high mixture velocities exhibits 
a different trend as compared to that observed at low velocities. As shown in Figure 9, 
the global minimum in the pressure drop was encountered in the water-dominated region 
(i.e. ϕin = 0.4) where significant wave amplitude and large droplets were observed, 
increasing the drag reduction effect. 
 
 
Figure 9: Normalised pressure drop against input oil fraction across the 
visualisation section for high mixture velocities (Um ≥ 1.15 m s
-1)  
 
4.3 Pressure gradient predictions 
A number of attempts have been made to develop predictive tools for the pressure 
gradient in liquid-liquid systems. The first approximation is to assume that both phases 
are well dispersed in order to treat the flow as an effective single-phase. The applicability 
(accuracy and reliability) of this method is limited to relative high mixture velocities. For 
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low mixture velocities, where the two phases flow as separated layers, the two-fluid 
model is commonly used to predict pressure gradient and holdup.  
 
4.3.1 Homogeneous model 
The homogeneous model employs mixture properties (i.e. mixture density ρm and 
mixture viscosity μm) to predict the frictional and gravitational pressure losses using 
single-phase flow equations. These properties can be estimated using the definition 
proposed by Dukler et al. [14] shown in Equation (1) and (2).  
 
                    (1) 
 
                    (2) 
 
Equation (2) fails to predict the mixture viscosity μm especially for dispersed systems due 
to emulsion effects. Arirachakaran et al. [3] observed that the mixture viscosity does not 
follow an average trend between both liquids viscosities; instead a peak is encountered at 
the phase inversion point at which the mixture viscosity μm can be higher than the oil 
viscosity μo (for systems where μo > μw). A number of models have been proposed for the 
mixture viscosity prediction, such as the Einstein relation (Einstein [15]) developed for 
monodispersed systems, and Brinkman [16] and Roscoe [17], shown in Equation (3), for 
polydispersed systems: 
 
         
       (3) 
 
where ϕ is the volume fraction of the dispersed phase and μc is the viscosity of the 
continuous phase. 
 
4.3.2 Two-fluid model 
The two-fluid model, originally developed by Taitel and Dukler [18] for stratified gas-
liquid flows, is based on momentum equations for each phase. The model has been 
adapted for liquid-liquid flows (see Kurban [19], Brauner et al. [20]) to include the 
effects of the fluid relative velocities U on the determination of the equivalent hydraulic 
diameters D and interfacial shear stress (see Equations (4) to (6)). In this study, a one-
dimensional two-fluid model was used assuming fully developed flow, steady state, and 
smooth and flat interface. The friction factor for the wall and interfacial shear stresses 
was estimated using the Blasius correlation. 
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where S is the wall-wetted perimeter, f is the friction factor and the subscripts ‘o’, ‘w’ 
and ‘i’ denotes the oil phase, the water phase and the interface between oil and water, 
respectively. 
 
Our experimental data were compared with the aforementioned models, as shown in 
Figure 10. An over-prediction of the pressure gradient is observed for almost all 
conditions. The homogeneous model fails to predict the pressure gradient for the 
different conditions studied with the exception of low input oil fractions. The 
Brinkman [16] equation shows a peak at the estimated phase inversion point (ϕin ≈ 0.5); 
however, a significant over-prediction is observed. The Dukler et al. [14] equation fits 
the experimental data only for well dispersed flow (ϕin = 0.5; Um = 1.25 m s
-1). Thus, for 
the current experimental campaign the homogenous models cannot predict the dip in the 
pressure gradient profile due to the drag reduction effect. 
 
 
(a) 
 
(b) 
 
(c) 
 
(d) 
Figure 10: Comparison of the pressure gradient for different mixture velocities 
Um of: (a) 0.50 m s
-1, (b) 0.75 m s-1, (c) 0.85 m s-1 and (d) 1.25 m s-1 
 
The two-fluid model presents the best agreement with the data, especially for stratified 
flow conditions (Figure 10a and 10b) and water dominated flows (ϕin ≤ 0.5) with relative 
errors between ±10%. The dip in the pressure gradient at the water continuous section is 
predicted for low velocities (Um ≤ 0.75 m s
-1). The accuracy of the models decreases with 
increase of the mixture velocity, leading to partial or complete dispersed flows. Further 
modifications of the two-fluid model can be performed for the purpose of including the 
effects of the interface curvature and interfacial friction factor. The curvature of the 
interface in liquid-liquid stratified flows, studied by Brauner et al. [20] and Ng et al. [21], 
was found to be a function of the Eotvös number, the wettability of the fluids with the 
pipe material and the in situ phase fractions. 
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4.4 In situ phase fraction 
The in situ oil fractions ψ were determined from the analysis of the high-speed images 
for stratified flows only where a clear interface could be observed. The water layer height 
was determined assuming a transversally flat interface for each image and averaged for a 
set recording time using image processing MATLAB tools. Figure 11 shows the in situ 
oil fraction as a function of the input oil fractions for different mixture velocities. It was 
observed that the in situ oil fraction was higher than the input oil fraction for water 
dominated flows (ϕin ≤ 0.5). The in situ oil fraction profile indicates that both phases flow 
at different velocities. The water phase flows faster than the oil phase for low input oil 
fractions. The opposite behaviour is encountered for high input oil fractions. This trend 
confirms that for the conditions analysed the oil-water mixture cannot be treated as a 
homogeneous flow, which is represented by the no-slip line in Figure 11. 
 
The in situ oil fraction was also compared to the predictions of the laminar drag model 
and experimental data from Lovick and Angeli [6] and Lum et al. [8]. The laminar drag 
model (see Morgan et al. [22]) was developed from the frictional drop equations 
assuming the flow to be separated into two layers in the laminar flow regime. It is 
observed that the in situ oil fraction data follow the laminar drag model profile; however, 
the model over predicts the in situ oil fraction. This difference can be attributed to the 
flow conditions, in which laminar flow was only encountered for the oil phase at low 
mixture velocities (Um ≤ 0.5 m s
-1).  
 
 
Figure 11: In situ oil fraction as a function of input oil fraction for different 
mixture velocities 
 
4.5 Inlet configuration effect on flow behaviour 
The effect of the horizontal separation plate at the inlet on the emerging flows was 
mentioned briefly in Section 4.1 where a transition to stratified wavy flows was shown to 
occur at ϕin = 0.8 and Um ≤ 1.0 m s
-1. A detailed analysis of the flow confirms that the 
position of the inlet plate closely matched the water height at the visualisation section, as 
shown in Figure 11a. This indicates that the water height remains approximately constant 
from the exit of the inlet plate to the visualisation section, reducing mixing along the test 
section. This behaviour was predicted by the two-fluid model assuming a flat interface, 
showing good agreement with the experimental data. The curvature of the interface 
(transversal to the pipe) at those conditions was observed to be almost flat. This implies 
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that minimum mixing occurred at the interface, in contrast to the case of low oil fractions 
where transitions to stratified wavy were not observed when the inlet plate was located at 
the upper section of the channel. At these conditions (i.e. ϕin < 0.3), significant interface 
curvature was observed promoting interface break-up and droplet formation. Figure 11b 
shows the instantaneous flow images at ϕin = 0.8 and different mixture velocities. With 
increasing mixture velocity Um, longitudinal waves increase in amplitude and frequency  
ultimately giving rise to a change in interfacial topology  and the formation of droplets at 
which point a transition to dual continuous occurs (i.e. Um > 1.0 m s
-1). The above 
analysis indicates that a transition to stratified flows for high oil fractions can be induced 
if a separation plate is installed at the inlet section matching the inlet plate height with the 
in situ water height where a flat interface is encountered. 
 
 
 
 
 
 
 
(a) (b) 
Figure 12 Normalised in situ water height by the inside diameter and instantaneous 
flow images at different mixture velocities for ϕin = 0.8 and stratified wavy flow 
 
 
5 CONCLUSIONS  
 
Oil-water flows were investigated to study the emerging flow patterns of the two liquid 
phases flowing together in a horizontal pipe for different oil fractions and mixture 
velocities. The main conclusions of the present study are: 
 
1. A unified flow pattern classification in liquid-liquid flows is proposed to standardise 
the identification process. The proposed classification avoids the inclusion of highly 
detailed configurations than can introduce additional uncertainties in the 
identification and further study of liquid-liquid flows. 
2. Experimental investigations of oil-water flows in horizontal pipes have been 
conducted in a 32 mm ID horizontal acrylic pipe utilising high-speed imaging and 
pressure drop measurements. Six different flow patterns were observed: (1) stratified 
smooth, (2) stratified wavy, (3) stratified with droplets at the interface, (4) dispersion 
of oil in water with a water layer, (5) dual continuous, and (6) mixed flow. The 
generated data reveal that as the mixture velocity is increased, a transition from 
stratified to dispersed flows occurs. Interfacial instabilities increase with flow 
velocity promoting the formation of droplets.  
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3. Comparisons of the measured pressure gradient data with predictive models were 
conducted. The homogenous model using the mixture viscosity equations developed 
by Dukler et al. (1964) and Brinkman (1952) fail to predict the pressure gradient with 
the exception of low input oil fractions. The two-fluid model, developed assuming a 
flat interface between both liquids, presents good agreement with the experimental 
data especially at low mixture velocities. More accurate pressure gradient predictions 
of the two-fluid model can be achieved by adding the curvature of the interface and 
shear stress correlations in order to account for the effect of waves at the liquids 
interface in stratified flows. 
4. The in situ oil fraction data show that slippage between both liquids occurs for the 
flow conditions studied. This confirms the hypothesis that liquid-liquid flows cannot 
be treated as homogeneous mixtures with the exception of significantly high flow 
velocities. 
5. An interesting behaviour was observed at high input fractions. Transitions from dual 
continuous to stratified wavy flows were observed when the in situ water layer height 
closely matched the height of the separation plate at the inlet section. At these 
conditions, the curvature of the interface was almost flat reducing instabilities and 
further droplet formation. This behaviour indicates that the inlet plate affects the 
configuration of the flow far downstream from the inlet at the visualisation section. 
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